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Outline

Where Can 2020 Land?

— Translate Engineering Constraints to Mars
— Elevation, Latitude, Dust (Thermal Inertia, Dust Index)

Imaging Coverage of Landing Sites
— Lots of Landing Sites have Coverage —

e How many? how much?
Characterization of Landing Sites

— How Many Sites Have Been Characterized? To What Level?
— Hazard Maps — Is TRN Required?

e Relief <100 m within 1 km
What Required to Certify Landing Sites — MISL Example
— Nearly Complete Stereo CTX and HiRISE Coverage - DEMs

— Slope, Rock & Material Property Maps
e Traversability Maps, Inescapable Hazard Maps

— Radar Reflectivity



Elevation/Latitude Mask
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Elevation/Lat. Mask with Thermal Inertia

+30° Latitude — About Half Surface Area of Planet
About 2/3 Too High or Too Dusty — Left with Around 15%

< 150 = dark gray MOLA Elevation (m) [

< 100 = light gray Christensen et al. (2001)
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Lots of Available Sites
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Imaging and
Characterization of
Landing Sites

“Think Like an Engineer”



Landing Sites (1)

Ellipses Based on
Image Coverage and
Characterization

Site Name, Owigin | 2024 Interest linage Certilication, TRM | TRN Cominsnts
Lat., long, (+1), Coverags, Charactertzatdon | to Enable
MOLA elevation % Status Land | Land On
Safely
Final Four MSL Sites
Gale Crater MSL M, Laversd smectites & ~1{3{1% Certified for N Y MSL Landed Safely, Go To M.
4578, 1374 sulfates, Mo ohvious voleanics | HIRISE MSL Sharp
4.4 ke DEMs
Holden Craier MSL, | H, Laversd phellosilicates, 8% Certified for N Probably | Go To gouth to exposed lavers
26478, 325.2°F 2020 megabreccia HiRISE MSL i1 cavons
2.1 km s DEMg
Ehevswalds Crator MEL I, Delta, clays in bottomset 94% Ceritfied for N Probably | Pariial Go To sits to getto delta
23U 26 7YE bads, Lirnited diversity, No HiRISE WEL adge
-1.4 kin voleanics DEMs
Magyrih 2 MEL I, High phyllosilicate b5% Cortified for N N, Bon
240, 341.0°E congentration Noachian HiRISE MESL G0 To
-2.2 km deposits, No obvious voleanics | DEMz
Evaluated during
MSL or 22¢
Nili Fossae MSL, | H, ¢lavs in Fossae walls & =80% steren | Prelim- Y N Dropped after ¥ Workshop,
21.0°N, TA5°E 22, ciects in ellipse HiRISE, Taternediate High elevation, May need THA
L6k 24524 2012
SDT
NE Syrtis MSL, very H, strong evidence Tor 5%, gteran | Prelime Y N, Non | Constdered 1 dedail at 27 Clall
167N, 7T6.9°E ele, SQUBOUS BRVIrOATEnt, HIRISE, Iatermediste Go To Tor New Sites, Not selected,
-2.6 ki 2020 phyllosilivate, carbonate 2712 steep sided mesas in ellipse
RIYT deposits, has Syl voloanios
E Matgacitiler MEL, | H, Chiloride & plyllosilicate >00% stereo | Peelira- ¥ N, Nom | Considered in detail at 27 Call
5678, 353,5°T 22, deposits, HiRIXE, Interraediate Gio To Tor MNew Sites, Mot seleotad,
Y ir VAL Na obvisas voloanics 2412 extensive large ripples-
51/ f4>\i1141 ;‘;I?J:? Mo obvious volsanics GolomtJ;éIETSite Charadterization ;?jt‘s::;;;ll;ixg;fz%:k% /




Landing Sites (2

Evaluated during
MEL or e

Jezero Crater MSL, | L, Phyllostlicate deposits in -G sterea | Preliminary N Foassibly | Hhigh Rock Abundance, Could
184N, 77.6°E &2, delta deposits, Hoor may be THRISE, land with THA, mavbe possible
2.7 km {Dp valoanic 212 with TEN {avoid bigh rock

VI, abundance arsas?)

pERL

=0T
Mawrth (& ¢lc M, Righ phyvllosilicate ~80% gtereo | Preliminary N N Non Go To site
24.67N, AR OE comectration Noschian DIRISE,
3.0 ken deposits, 241z

Nao obvious voloanics
Tsmenias Cawvits o L, Cutside Latitude Band, >5(% sterco | Prelimmary NLE | NE =N Latitude
338N, 17.2°K smecties in pogsible glacial HiRISE,
-3.5 km lake 2012
Ousev, Columbia MER, | H, hydrothermal deposits ~5{1%% Craered plaing [ N N, Can | MER landed sately,
Hills ele explored by Spir, craered HiRISE and Colombia land on | Nan Go U Ellipge on Columbia
14.5°8, 175.5°K plaing are relaively unaliered IPER Hills well Colomats | Hills
-1.8 ke lava flows Columbsia charagterized by a Hills
Hills, 2712 | &pirit W0

Will Carbonate WISL., H, Carbonates, No obvions ~&3%% stereo | v preliminary Y N, Nen | 2™ Call for New Sites, Not
21.7°N, T8.8°E, CDP voleanics HIiRISE 12711/ Go To selected, extensive large ripples-
1.5 km VI inescapable hazards




Landing Sites (3)

Very preliminary
evaluation during
ML

Melas Chasma MSL, | 1, valley networks & paleolake | ~80% NE 27 MBL Wishyp, dropped-25 km
§.8%%, 28367 0PV, | with layered sulfate depogits on | THRISE circleellipse overlaps steep
-1.8 ko 2020 ledge n Valles Marierts DEMz, 8712 canyon walls, Saaller ellipse
SDT seeras 1o fif, Mosdy Noo Go To
Miyar {Crater MSL M/L, Phyllostlicates, Meridiant | Some v preliibary N N, Noni | Dropped atter 37 Wkehyp
3355, 352.53°E sulfates, wiverted chavoels HIiRISE (o To
1.5 ki
N Metidiand MEL ML, sate site, Meridiand Sowne v prelivinay N NE Replaced by 8 Meridiand atier
1.6°8, 357.5°F sulfates, Go To layvered rocks N | HIRISE 1% Call for New Sites
-1.3 kan of ellipge
S Mertidiam BISL Bl/L, sate stte, Meridun Same w prelimitary N NE Replaced N Meridiant after 17
3.1°8, 33465 sulfates, Go To phvllogilicates | HIRISE Call for New Sites, Droppeil
-1.6km i highlands 1o 8 after 3™ Wilshp, other sites
judged sa

Terby Crater MSL, | M, Lavered phvllosilicates, Go | ~20% mono | NE NE | NE 2™ MSL Whshp, dropped at 3©
27AS, T3A°E COP Y | To layered Rocks to N HiRISH
{16 ki
Mawrtls 1 MHL M, High phvllosilicate 7% v preliminary N N, Nont | Dropped in favor of Mawrth 2
24.6°N, 340.1°E gisncentration Noachian stereq, 20% o To after 3% Wkshp
=31 ke deposits, No obvious voleairics | mono

HIRISE
Mawyth 3 MEL M, High phyllosilicats by 5% v prelimdnaery N N, Nown | Dyvopped @ favor of Mawrth 2
Z3D0°N, AZAE concentration Noachian steren, 30% G0 To after 3 Wkshp
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THRISE
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Landing Sites

Very preliminary
evaluation during
MEL
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Hazard Maps and TRN

e Used Stereo Anaglyphs

— Mapped Terrains and Relief
e Similar Stereo Angle Anaglyphs with DEMs

e Topo Maps — Relief
— MOLA, HRSC, CTX
— Test against 100 m Relief within 1 km



Nili Fossae Carbonate
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Nili Carbonate Ripple Density Map

Coverage in
HIRISE:

Yellow =9% §
Orange = 22% §
Red =16% |

Red are
Inescapable
Hazards

Need TRN to Kilometers #
Avoid

Red Throughout Ellipse



Nili Fossae

MOLA Tracks

CTX: 5.5 m resolution
R R SRS

HRSC: 50 m resolution
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Criteria to Fill In During Workshop

Landing | Science Need for Is Site Is Range
Value Additional | Likely Trigger
Relative to | Imaging by | Land on Likely
2020 Orbiters or Go To? | Needed
Objectives for

Access?

NE Mostly No

Syrtis Land On

Nili Mostly Go No

Fossae To
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Does
Range
Trigger

Reduce
the Need
for TRN?

Yes

Yes

Does
Access
Likely
Require
TRN?

Yes

Probably

If Go To,
Would
TRN Likely
Make
Land On?

Probably
Improve
Placement

No

21



Evaluation of Criteria

Science Value Relative to 2020 Objectives
— Astrobiologically Relevant Environment

— Preserve Information to Understand Geological Record — Including Habitability
and Preservation Potential

— Preserve Materials Preserve Potential Biosignatures

— Assemble Sample Cache — Include Igneous Rocks

— Consistant with “Technology” Elements
Need for Additional Imaging by Orbiters

— Understanding of Site would benefit from Additional Orbital Imaging
Is the Site Likely Land On or Go To?

— Land adjacent and Drive or Land On Material of Prime Interest; 25x20 km Ellipse
Is Range Trigger Likely Needed for Access?

— Is Ellipse 16 km by 14 km Required to Land Safely (either Go To or Land On)?
Does Range Trigger Reduce the Need for TRN?

— Can Ellipse 16 km by 14 km Fit More Safely than 25 km by 20 km Ellipse?
Does Access Likely Require TRN?

— Are areas <110 m Radius that Violate Relief & Rock Constraints Surrounded by
Areas >120 m radius that are Safe in Ellipse?

— Constraints: Relief >100 m within 1 km; Rock Abundance >8%

If Go To, Would TRN Make Land On”?
— Can Ellipse be Placed on Material of Prime Interest Safely with TRN?



Imaging and Data Products
Needed for Certification



Imaging and Data Products for Site Certification

Golombek et al. (2012) Selection of the Mars Science Laboratory Landing Site: Space Sci. Rev 170, 641-737

DEMs & Slope Maps

— HRSC, CTX, HiRISE

— Nearly Complete Stereo Image Coverage - >90%
Rock Maps — All Rocks >1.5 m Diameter

— Rock Abundance and Size-Frequency Distribution
Surface Material Properties

— THEMIS Thermal Inertia

— HiRISE Terrain Classification
Traversability Maps

— Slopes, Rocks and Material Properties

— How Long Does it Take to Traverse based on Drive Mode Needed and
Power Available

— Are Areas of Interest Reachable
Inescapable Hazard Maps

— Slopes & Material Properties

— Enclosed Depressions or Mesas that Can Land On but Not Escape
Radar Reflectivity

— Radar Backscatter & Cross Section; Reflectivity — Bulk Density



Gale: Ellipsoid Elevation
Py

Hierarchally
~ Co-
registered
MOLA,
HRSC, CTX,

HiRISE
DEMs

'| Delta Radii (m)
High : -3500

Low : -5300

[ Etlipse (25x20 km)

Golombek et al. (2012)
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Eberswalde CFA 450 m

Cumulative
Fractional Area
Covered by
Rocks of All
Sizes from
HiRISE
Measurements
of Rocks >1.5
m Diameter
Extrapolated
Along Model
Size-Frequency
Distributions
Over 450 m
Pixels

CFA 450 m
- High : 28

Low:5

=T F & TRotE 4 | Golombek etal. (2012)




Golombek et al., MSL Data Products

High Inertia Outcrop

Intermediate-Mixes

THEMIS
Thermal Inertia
Jm2Klgl/2

240 495

R. Fergason et al. 2012 SSR

Low Inertia Sediment

28



Mawrth Vallis
Site 2: 23.99 N, 341.04 E (SH: 23.95 N, 341.11 E)
Center Elevation Site 2: -2246 m (SH: -2254 m)




_ Machine Vision

Eberswalde Traversability [

Classification

Traversability Map —Drive Modes . Blue - Ripples
Slopes, Rocks & Surface Materials | Green - Featureless

Grey — Blind Drives . Red — Scarps
Blue - Autonav ' Other - Bedrock

Green — Visodom b
Red — Not Traversable




 Blue=Crater

~ Pink=Mesa

- *=Probably Escapable
= **=|nescapable

0 1 2 3 4
N Kllnmeters

Golombek et al. (2012)




Gale ID. 17** Inescapable Hazard

®  Crater, 400 m diameter ® |nescapable

= 15 to 30° Slopes m  Coverage shows >15 ° slopes and loose
®m  Loose material on interior slopes, bedforms on floor material around entire crater interior

= 232084 m? ®  No obvious egress route

m  137.548, -4.463 m  Bedforms are likely traversable

0 30
- — m Mete!

Golombek et al. (2012)




Gale Traverse Routes

Gale Traverse Routes

: lay |
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Choke Points
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accuracy
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O smoothed :l 10- <15
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@ Good correlation
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e CONNECTING
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So Let the 2020 Mars Rover

Landing Site Selection
Adventure

Begin



